Hypertonic induction of COX-2 in collecting duct cells by reactive oxygen species of mitochondrial origin.
Our previous studies have documented MAPK mediation of the hypertonicity-induced stimulation of COX-2 expression in cultured renal medullary epithelial cells. The present study extends this observation by examining the role of reactive oxygen species (ROSs). ROS levels, determined using dichlorodihydrofluorescence diacetate and cytochrome c, were rapidly and significantly increased following exposure of mIMCD-K2 cells to media made hypertonic by adding NaCl. Hypertonic treatment (550 mosmol/kg) for 16 h induced a 5.6-fold increase in COX-2 protein levels and comparable increases in prostaglandin E(2) release, both of which were completely abolished by the NADPH oxidase inhibitor diphenyleneiodonium (25-50 microM). The general antioxidant N-acetyl-l-cysteine (6 mM), and the superoxide dismutase mimetic TEMPO (2.0 mm) reduced COX-2 levels by 75.6 and 79.8%, respectively. Exposure of mIMCD-K2 cells to exogenous O(2)(-.) generated by the xanthine/xanthine oxidase system mimicked the effect of hypertonicity on COX-2 expression and prostaglandin E(2) release. The increases in phosphorylation of ERK1/2 and p38 were detected 20 min following the hypertonic treatment and were both prevented by N-acetyl-l-cysteine. The increases in ROSs in response to hypertonic treatment were completely blocked by any one of the mitochondrial inhibitors tested, such as rotenone, thenoyltrifluoroacetone, or carbonyl cyanide m-chlorophenylhydrazone, associated with remarkable inhibition of COX-2 expression. In contrast, the increases in ROSs were not significantly altered in IMCD cells deficient in either gp91(phox) or p47(phox), nor were the increases in COX-2 expression. We conclude that ROSs derived from mitochondria, but not NADPH oxidase, mediate the hypertonicity-induced phosphorylation of MAPK and the stimulation of COX-2 expression.